Schizophrenia is a psychiatric disorder resulting in prominent impairments in social functioning. Thus, clinical research has focused on underlying deficits of emotion processing and their linkage to specific symptoms and neurobiological dysfunctions. Although there is substantial research investigating impairments in unimodal affect recognition, studies in schizophrenia exploring crossmodal emotion processing are rare. Therefore, event-related potentials were measured in 15 patients with schizophrenia and 15 healthy controls while rating the expression of happy, fearful and neutral faces and concurrently being distracted by emotional or neutral sounds. Compared with controls, patients with schizophrenia revealed significantly decreased P1 and increased P2 amplitudes in response to all faces, independent of emotion or concurrent sound. Analyzing these effects with regard to audiovisual (in)congruence revealed that P1 amplitudes in patients were only reduced in response to emotionally incongruent stimulus pairs, whereas similar amplitudes between groups could be observed for congruent conditions. Correlation analyses revealed a significant negative correlation between general symptom severity (Brief Psychiatric Rating Scale-V4) and P1 amplitudes in response to congruent audiovisual stimulus pairs. These results indicate that early visual processing deficits in schizophrenia are apparent during emotion processing but, depending on symptom severity, these deficits can be restored by presenting concurrent emotionally congruent sounds.
INTRODUCTION
Emotion recognition is a crucial component of social functioning and interpersonal relationships. Importantly, affect recognition in daily life is rarely based on emotional information in solely one sensory modality but is rather the result of the evaluation of stimuli coming from multiple sensory channels. Studies on crossmodal emotional integration have demonstrated greater accuracy and faster reaction times in congruent bimodal compared with unimodal emotional conditions. If, in contrast, the emotional content in the two modalities is incongruent, interference effects on reaction time and performance can occur Dolan et al., 2001; Kreifelts et al., 2007; Collignon et al., 2008) . On the neural level, studies using event-related potentials (ERPs) found facilitated auditory N1 amplitudes (Pourtois et al., 2000) when comparing emotional congruent to incongruent conditions, as well as longer auditory P2b latencies in affective incongruent pairings (Pourtois et al., 2002) . These, although few, results indicate that early sensory processing can be modulated depending on the congruence of concurrent stimuli from other sensory channels.
Schizophrenia is a psychiatric disorder characterized not only by symptoms of hallucinations, delusions and thought disorder but also by affective flattening and social impairments (American Psychiatric Association, 2000) . Clinical research addressing the underlying deficits of the latter symptoms has provided accumulating evidence that schizophrenia patients exhibit impairments in facial affect recognition (Kucharska-Pietura et al., 2005; Turetsky et al., 2007; Bach et al., 2009a; Kohler et al., 2010) as well as in categorization of prosody (Kucharska-Pietura et al., 2005; Bozikas et al., 2006; Bach et al., 2009a; Leitman et al., 2010) . This impairment could be found for both emotional (positive and negative) and neutral stimuli. Therefore, for the visual domain a general deficit of early sensory processing was suggested, possibly related to dysfunctions in the magnocellular pathways (Butler et al., 2001; Doniger et al., 2002) . This dysfunctional processing then in turn may further contribute to higher sensory processing deficits like, for example, problems in emotional perception. In line with these deficits, patients reveal aberrant ERPs in response to faces such as decreased N170 (Herrmann et al., 2004; Johnston et al., 2005; Campanella et al., 2006; Bediou et al., 2007; Caharel et al., 2007; Turetsky et al., 2007; Lynn and Salisbury, 2008) and P1 amplitudes (Campanella et al., 2006; Caharel et al., 2007) . However, these studies have focused primarily on unimodal emotion processing, whereas, as mentioned earlier, emotional perception in daily life is rarely based on information from only one sensory channel. Thus, it is questionable whether one can generalize from unimodal deficits to impairments of emotion processing in real life. Some behavioral studies have already taken this into account. For example, de Gelder et al. (2005) used an audiovisual emotion recognition paradigm and found that patients are less influenced by emotional voices when rating a face compared with healthy controls but, conversely, the effect of faces on the rating of voices is increased. In contrast, de Jong et al. (2009) reported decreased influence of faces on voice perception, and Van den Stock et al. (2011) found an increased effect of voices on the rating of bodily expressions. Another phenomenon often assessed in the context of audiovisual integration is the McGurk fusion (McGurk and MacDonald, 1976) , which denotes an illusion where the auditory perception of vowels is altered by concurrently seeing a face pronouncing a different vowel. In this paradigm, reduced audiovisual integration in patients was demonstrated by fewer McGurk fusion reports than controls (de Gelder et al., 2003; Ross et al., 2007) . While across these studies the specific findings regarding the relative influence of one sensory modality on another are thus inconsistent, they all clearly suggest that patients with schizophrenia are not only impaired in unimodal emotion processing but also in the integration of emotional information from different modalities.
Here, we use ERPs to explore potentially aberrant neural correlates of audiovisual emotion integration in schizophrenia. In particular, we are interested in examining differences between patients and controls in the modulation of face-selective ERPs by concurrently presented congruent and incongruent sounds.
Given the unimodal emotion processing deficits in schizophrenia as well as aberrant audiovisual integration at the behavioral level, it is hypothesized that in response to audiovisual stimulus pairs, patients show reduced visual P1 and N1 amplitudes compared with healthy controls. Furthermore, based on behavioral results in audiovisual integration, we would expect that visual ERPs are differently affected by congruent and incongruent sounds in patients and controls. Decreased difference between the ERP response to incongruent and congruent conditions in patients compared with controls would indicate reduced audiovisual integration. In contrast, increased divergence between the two congruence conditions would point to increased integration in the patient group.
METHODS

Subjects
A total of 17 patients with schizophrenia and 16 healthy controls were recruited for the study through the Schizophrenia Research Center in the Neuropsychiatry Division of the Hospital of the University of Pennsylvania. Two patients and one control subject were subsequently excluded due to excessive electroencephalography (EEG) artifacts or an inability to perform the task. The final sample included 15 patients (four females; mean age 35.1 AE 9.26 years, mean education 14.1 AE 2.23 years) and 15 control participants (three females; mean age 40.8 AE 10.67 years, mean education 13.9 AE 1.98 years). All participants were right handed, reported normal or corrected-to-normal vision and were tested negative on a urine drug screen before the experiment. The groups were comparable in gender distribution (X 2 1 ¼ 0.186, ns), mean age (t 28 ¼ À 1.55, ns) and years of education (t 28 ¼ 0.26, ns).
All patients were stable outpatients at the time of testing. Consensus best-estimate Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) diagnoses were established using data gathered through the Structured Clinical Interview for DSM-IV (First, 1997) and any additional information available from medical record review, family and care providers. Ten patients met DSM-IV criteria for paranoid subtype (295.30), four were undifferentiated subtype (295.90) and one was diagnosed with the residual subtype (295.60). Only patients without comorbid psychiatric or neurological illness, substance abuse or addiction in the last 6 months were included in the study. Patients' scores on the Brief Psychiatric Rating Scale (BPRS-V4; Ventura et al., 1993) , the Scale for Assessment of Positive Symptoms (SAPS; Andreasen, 1984) and the Scale for Assessment of Negative Symptoms (SANS; Andreasen, 1983) were obtained by assessors trained to >85% inter-rater reliability. Nine patients were treated with atypical antipsychotics, three with typical antipsychotics and three were unmedicated. Five medicated patients were concurrently taking antidepressant agents and one was taking anticholinergic drugs. Four medicated patients were also being treated with benzodiazepines. Table 1 summarizes the demographic and clinical characteristics of the patient group.
The healthy control subjects were all without any history of neurological or psychiatric disorder, including substance abuse, or any history of an Axis I psychotic disorder in a first-degree relative. None was taking any psychoactive medication.
Following a full explanation of study procedures, written informed consent was obtained in compliance with guidelines established by the University of Pennsylvania Institutional Review Board and in accordance with The Code of Ethics of the World Medical Association (1964 Declaration of Helsinki).
Stimuli
A detailed description of stimuli development is provided in Müller et al. (2011) . In short, the visual stimuli obtained from the facial emotions for brain activation inventory (Gur et al., 2002) consisted of 30 color pictures of five male and five female faces, each showing three different expressions (happy, neutral or fearful). Furthermore, 10 masks (neutral faces blurred with a mosaic filter) were used. For the auditory stimuli, 10 happy (laughs), 10 fearful (screams) and 10 neutral (yawning) sounds (five male and five female in each case) were employed.
Procedure
In total, 180 audiovisual stimulus pairs were presented. Every face condition (happy, fear and neutral) was paired with every sound condition (happy, fear and neutral), resulting in a 3 Â 3 design with nine different conditions. Every face and every sound was presented twice per condition leading to 20 audiovisual pairs per condition. The combination was pseudo-random and matched with regard to gender. Furthermore, as every stimulus was presented twice per condition, pairing of the same sound and face stimulus was possible and allowed. The pairing was pseudo-randomized individually for every subject, so that every subject was presented with different pairs in varying order.
All stimulus pairs were presented for 1500 ms with a jittered inter-stimulus interval between 2500 and 4500 ms during which a blank black screen was shown. Every trial started with presentation of a sound concurrently with a blurred neutral face which was displaced by a clear face after 1000 ms and presented with the continuing sound for another 500 ms. Immediately after the audiovisual stimulus pairs, a rating scale was presented visually. Participants were instructed to ignore the sound and blurred face and to just rate the expression of the clear face. Response was not allowed during presentation of the audiovisual stimulus pair. Rather, the task was to wait until the face stimulus goes off and to respond as fast and accurately as possible as soon as the eight-point rating scale was displayed. The rating scale, ranging from extremely fearful to extremely happy, was visualized by eight buttons on the screen. Endpoints of the scale (button 1 and button 8) were labelled as extremely fearful (button 1) and extremely happy (button 8). Stimuli were presented with the software Presentation 14.8 (http://www.neurobs.com/) and responses were given manually using eight response buttons [extremely fearfulleft little finger (button 1) to extremely happyright little finger (button 8)].
Additional tests and questionnaires
After the EEG session, participants rated the valence and arousal of all sounds and pictures individually on a nine-point rating scale. The scales ranged from very fearful to very happy and not at all arousing to very arousing, respectively. The valence scale included the eight EEG test ratings plus an additional neutral category. Due to technical problems, the off-line rating of one control subject could not be used.
EEG data acquisition and processing EEG data were recorded using a 64-channel BioSemi ActiveTwo amplifier system with 24-bit A/D conversion (Amsterdam, The Netherlands) and customized electrodes with an integrated first stage amplifier. Electrodes were situated on the scalp using a 64-channel headcap. Horizontal and vertical eye movements were recorded from bipolar electrodes located lateral to the left and right epicanthi and above and below the right eye, respectively. Data were filtered online with a 0.16-100 Hz bandpass filter and sampled at 512 Hz. The EEG data were re-referenced off-line to the average of all channels, bandpass filtered between 0.5 and 30 Hz (12 dB/octave) and corrected for eye movements using the algorithm of Gratton et al. (1983) . The data then underwent an automatic artifact rejection (minimal allowed amplitude: À100 V, maximal allowed amplitude: þ100 V; removal 250 ms before and after the event) and the continuous EEG was split into segments time-locked for three different sound conditions (fearful sounds, neutral sounds, and happy sounds) and 10 different face conditions [all fearful faces, all neutral faces, all happy faces, fearful face with congruent (fearful) sound, fearful face with incongruent (happy) sound, happy face with congruent (happy) sound, happy face with incongruent (fearful) sound, neutral face with scream, neutral face with yawn, and neutral face with laugh] with a duration of 600 ms (starting 100 ms before the onset of the sound or face). Sound conditions were time-locked to the onset of the sounds, whereas face conditions were time-locked to the onset of the faces. The segments were then baseline corrected (À100 ms until stimulus onset) and average evoked potentials were computed for each condition. Number of averaged segments did not differ between patients and controls (t 28 ¼ À0.37, ns).
Peak detection
For each condition, grand average waveforms were constructed and the peak latencies of the first positive (P1), first negative (N1) and second positive (P2) peaks were taken as references to establish an appropriate time interval for each peak (peak AE 30 ms) for the individual subject peak detection (Supplementary Table S1 ). For each component, peak latency was defined at those electrode(s) exhibiting the maximum component activity in the grand average waveforms. Thus, for the auditory ERPs (sound conditions), the peaks were defined at Cz. For the visual ERPs (face conditions), the positive peak latencies were defined at PO7 and PO8; N1 latency was defined at P9 and P10. Figure 1 illustrates the voltage distribution of auditory and visual ERPs across the scalp. For every subject, peak search was first done automatically in the established time interval and then, if applicable, manually adjusted. The mean area under the curve (peak AE 14 ms) was then computed for each channel, condition and subject and exported into Statistical Package for Social Science (SPSS).
Statistical analysis
Behavioral and ERP data were analyzed off-line using IBM SPSS 19.0.0. All data were confirmed to be normally distributed and multivariate analyses of variance (MANOVAs)/analyses of variance (ANOVAs) were calculated. For post hoc analyses t-tests, Bonferroni corrected for multiple comparisons, were calculated. Pearson correlations of ERP measures with the total scores of SAPS, SANS and BPRS-V4 were computed (Bonferroni corrected for multiple comparisons). As benzodiazepines might affect evoked potentials (Rockstroh et al., 1991) , all tests were recalculated excluding patients taking benzodiazepines to confirm that the observed effects were not due to benzodiazepine intake in the patient group. Finally, antipsychotic medication was converted into chlorpromazine equivalent dosages (Andreasen et al., 2010) and correlated with ERP measures as well as SAPS, SANS and BPRS-V4 scores (Bonferroni corrected for multiple comparisons). Table S2 ).
RESULTS
Behavioral data
ERP data
ERPs in response to sounds Figure 2 displays the grand averages of the ERPs in response to screams, yawns and laughs at Cz in patients and healthy controls. A MANOVA with the independent variables emotional expression of the sound (scream/yawn/laugh) and group (patient/control) and the dependent variables amplitudes of P1, N1 and P2 at Cz was calculated to test for group differences. The data of one control subject were excluded due to excessive noise at Cz. The main effect of emotion was significant (F 6,22 ¼ 4.23, P < 0.05). However, there was no significant difference between (F 3,25 ¼ 1.52, ns) or interaction (F 6,22 ¼ 0.45, ns) with group. Additionally, the individual ANOVAs for P1, N1 and P2 did only reveal a significant effect of emotion for N1 (F 2,54 ¼ 5.94, P < 0.05) and P2 (F 2,54 ¼ 3.27, P < 0.05), but not for P1 (F 2,54 ¼ 0.61, ns). Furthermore, no significant main effect of group (P1: F 1,27 ¼ 2.02, ns; N1: F 1,27 ¼ 0.54, ns; P2: F 1,27 ¼ 3.41, ns) or interaction with group (P1: F 2,54 ¼ 0.16, ns; N1: F 2,54 ¼ 0.52, ns; P2: F 2,54 ¼ 0.02, ns) was found. Post hoc tests for the main effect of emotion revealed that the amplitude of N1 was higher when screams were presented compared with laughs (t 28 ¼ À2.91, P < 0.05, Bonferroni corrected). In contrast, the amplitude of N1 did not differ for scream vs yawn (t 28 ¼ À1.85, ns, Bonferroni corrected) and yawn vs laugh (t 28 ¼ À2.01, ns, Bonferroni corrected). Furthermore, the P2 amplitude did not significantly differ between any of the emotion conditions (scream vs laugh: t 28 ¼ À1.09, ns; scream vs yawn: t 28 ¼ À2.41, ns; laugh vs laugh: t 28 ¼ À1.67, ns; all Bonferroni corrected).
ERPs in response to faces
With regard to ERPs in response to faces (independent of the concurrently presented sounds), a MANOVA with the independent variables facial emotional expression (fearful/neutral/happy), side (left/right), caudality (P9, P10/PO7, PO8) and group (patient/control) and the dependent variables amplitudes of P1, N1, and P2 was calculated. This analysis revealed a significant main effect of group (F 3,26 ¼ 3.34, P < 0.05), emotional expression (F 6,23 ¼ 2.58, P < 0.05) as well as significant interaction of group Â emotion (F 6,23 ¼ 2.58, P < 0.05). While the effect of emotional expression as well as the interaction of group Â emotion was not significant for any of the dependent variables in the univariate comparisons (emotion: P1: F 2,56 ¼ 0.83, ns; N1: F 2,56 ¼ 0.36, ns; P2: F 2,56 ¼ 2.71, ns; group Â emotion: P1: F 2,56 ¼ 0.41, ns; N1: F 2,56 ¼ 2.52, ns; P2: F 2,56 ¼ 2.78, ns), the main effect of group was significant for P1 (F 2,28 ¼ 4.32, P < 0.05) and P2 (F 2,28 ¼ 5.18, P < 0.05) with patients showing smaller P1 and higher P2 responses compared with controls ( Figure 3 ). These group differences in P1 (F 1,24 ¼ 9.19, P < 0.05) and P2 (F 1,24 ¼ 6.37, P < 0.05) persisted after excluding those patients taking benzodiazepines.
ERPs in response to emotional congruent and incongruent stimulus pairs (incongruence of emotional valence)
To investigate whether these general effects found over all face conditions differed for incongruent and congruent conditions, two further ANOVAs were conducted for the dependent variables P1 and P2 amplitudes, respectively, and the independent variables facial emotional expression (fearful/happy), side (left/right), caudality (P9, P10/PO7, PO8), auditory congruency (congruent/incongruent) and group (patient/control). Only conditions in which emotional faces (fearful, happy) and sounds (scream, laugh) were presented were included as conditions containing neutral stimuli lack incongruence of emotional valence.
Analysis of the P1 response revealed a significant main effect of group (F 1,28 ¼ 4.65, P < 0.05) and a significant interaction between group Â incongruence (F 1,28 ¼ 6.50, P < 0.05). Post hoc analysis of the interaction demonstrated that the main effect of group was mainly due to the incongruent conditions. While patients showed a reduced P1 amplitude compared with controls in response to incongruent audiovisual stimuli (t 28 ¼ À2.87, P < 0.05, Bonferroni Audiovisual integration in schizophrenia SCAN (2014) corrected; Figure 4 ), they did not differ in the amplitudes of congruent conditions (t 28 ¼ À1.11, ns; Figure 4 ). Neither controls (t 14 ¼ À1.561, ns) nor patients (t 14 ¼ 2.03, ns) showed a significant different P1 response to congruent compared with incongruent conditions. Furthermore, the main effect of emotion and the other interactions with group and incongruence were not significant for the analysis of the P1 amplitude in the ANOVA. Analyses excluding patients taking benzodiazepines revealed the same results (group: F 1,24 ¼ 12.813, P < 0.05; group Â incongruence: F 1,24 ¼ 8.048, P < 0.05). Analysis of the P2 response revealed only a significant main effect of group (F 1,28 ¼ 6.24, P < 0.05) but no interaction between group Â incongruence (F 1,28 ¼ 0.57, ns) and no main effect of emotion (F 1,28 ¼ 1.23, ns). These effects persisted when excluding patients taking benzodiazepines (group: F 1,24 ¼ 7.38, P < 0.05; group Â incongruence: F 1,24 ¼ 0.98, ns; emotion: F 1,24 ¼ 2.67, ns).
ERPs in response to congruent and incongruent stimulus pairs for neutral faces
In addition to incongruence of emotion valence, incongruence effects were also analyzed for the neutral face condition (incongruence of emotion presence). Due to lack of homogeneity at some electrodes for the neutral face conditions, mean P1 and P2 amplitudes were calculated across electrodes (P9, P10, PO7 and PO8). The ANOVAs with the factors sound (scream/yawn/laugh) and group (patient/control) and the dependent variables mean P1 and P2 amplitudes, respectively, did not reveal any significant effects, neither for P1 nor for P2 (Supplementary Table S3 and Figure S4 ).
Correlations
For the patient group, mean amplitudes for P1 and P2 in response to all faces were calculated across electrodes (P9, P10, PO7 and PO8) and emotion (fearful, neutral and happy face). Similarly, means were computed separately for congruent and incongruent stimulus pairs. These mean amplitudes were then correlated with SANS, SAPS and BPRS-V4 scores. Mean ERPs across emotion and electrodes were used to reduce the number of correlation analyses and therefore ameliorate the need to control for a high number of multiple comparisons (using Bonferroni correction). Moreover, we did not find any significant emotion Â group interactions in the performed MANOVA/ANOVAs that could have been taken as a hint toward emotion-specific impairments. Fig. 4 ERPs in response to faces in congruent (A) and incongruent (B) audiovisual conditions in patients with schizophrenia (dashed lines) and healthy controls (solid line) at PO7 and PO8. (C) Mean P1 amplitudes to faces in congruent and incongruent audiovisual conditions in patients with schizophrenia (black) and healthy controls (gray). Values are collapsed across electrodes (P9, P10, PO7 and PO8) and emotion (fearful and happy face), bars represent standard deviations. * indicates significant differences between patients and controls at P < 0.05. Fig. 3 ERPs in response to fearful, neutral and happy faces in patients with schizophrenia (dashed line) and healthy controls (solid line). Amplitudes are pooled over electrodes P9, P10, PO7 and PO8. P1 and P2 amplitudes differ between patients and controls across facial conditions.
Nevertheless, for the sake of completeness, correlations separately for every emotion are provided in Supplementary Tables S5 and S6 . There was no significant correlation between P1 and P2 amplitudes over all faces and any of the symptomology scores (Table 2) .
In contrast, correlations of mean P1 amplitudes of congruent and incongruent conditions (separately) with SANS, SAPS and BPRS-V4 scores revealed a significant negative correlation between P1 in response to congruent audiovisual stimulus pairs and BPRS-V4 scores (r ¼ À0.704, P < 0.05, Bonferroni corrected; Table 2, Figure 5 ). This correlation persisted when correlating the scores with the ERPs of only those patients who were not taking benzodiazepines (r ¼ À 0.653, P < 0.05). All other correlations were not significant (Table 2) , both when including all patients and when including only patients who were not taking benzodiazepines. Furthermore, there was no significant correlation between chlorpromazine equivalent dosages and any ERP measure or SAPS, SANS and BPRS-V4 scores.
DISCUSSION
Here, we used an emotional audiovisual paradigm to investigate ERPs in response to emotionally congruent and incongruent audiovisual stimuli in patients with schizophrenia. Despite no significant differences between groups in behavioral performance or ERPs in response to sounds, this study demonstrated reduced visual P1 and increased P2 responses in patients compared with controls. Analyzing these effects in detail showed that the effect in P1 was mainly due to differences in response to faces presented with a concurrent incongruent sound. In contrast, P1 response to faces presented in a congruent auditory context was similar in patients and controls. Moreover, a negative correlation between mean P1 amplitude in response to congruent audiovisual stimulus pairs and general psychiatric symptoms was found in the patient group, suggesting a P1 response similar to that of healthy controls when fewer symptoms are present. These results indicate that congruent sounds can modify early visual responses in patients, leading to similar neural response as in healthy individuals but importantly, this modulation is highly dependent on symptom severity.
Behavioral data
Patients did not show any differences, neither in on-line ratings of faces while instructed to ignore the sounds nor in off-line ratings in which valence and arousal were rated independently for faces and sounds. Studies to date concerning multimodal emotional integration in schizophrenia are rare and results rather inconsistent. Although all studies report differences between schizophrenia and controls, some find reduced (de Gelder et al., 2005; de Jong et al., 2009 ) and others excessive (de Gelder et al., 2005; Van den Stock et al., 2011) influence of one modality on another. In contrast, the results of our study indicate that both groups are similarly affected by voices when rating the valence of a face. When considering this apparent discrepancy, it should be noted that the current paradigm differs from previous experiments in several crucial aspects. While previous studies used emotional decision paradigms and calculated accuracy scores for each condition, we used a (subjective) eight-point rating scale, which mainly captured valence intensity. Furthermore, we used human vocalizations as auditory stimuli, whereas former studies investigated audiovisual emotional integration with emotional prosody. These differences in the experimental design may have produced these contradictory results.
The individual rating of faces and sounds following the EEG paradigm also did not reveal any group differences, indicating that perception and subjective experience of sounds and faces were not impaired in our schizophrenia groupa finding that is in line with some previous reports (Tüscher et al., 2005; Lynn and Salisbury, 2008; Wynn et al., 2008) . Nevertheless, it contradicts results of other studies of emotional face and prosody perception (Bozikas et al., 2006; Turetsky et al., 2007; Bach et al., 2009a; Kohler et al., 2010; Leitman et al., 2010) . Again, our study was different in that we did not calculate objective accuracy scores. Tüscher et al. (2005) also did not find any differences in the valence and arousal ratings of emotional environmental sounds between patients and controls indicating that, in contrast to prosody, perception of environmental and human sounds seems to be preserved in schizophrenia.
Electrophysiological data Auditory processing
Although previous literature reports deficits in auditory processing in schizophrenia (Boutros et al., 2004; Bramon et al., 2004; Turetsky et al., 2009) , to our knowledge no study has investigated auditory ERPs in response to human (emotional) vocalizations in this disorder. However, two functional magnetic resonance imaging studies that focus on dysfunctions of auditory emotion processing in schizophrenia report altered lateralization patterns (Mitchell et al., 2004; Bach et al., 2009b) during emotion prosody processing. By comparing ERPs between schizophrenia patients and controls in response to screams, laughs and yawns, this study demonstrates that patients have similar Bold numbers indicate a significant correlation (Bonferroni corrected for multiple comparisons).
Fig. 5
Negative correlation between BPRS-V4 scores and mean P1 amplitude across electrodes (P9, P10, PO7 and PO8) and emotion (fearful and happy face) in response to congruent audiovisual stimulus pairs.
Audiovisual integration in schizophrenia SCAN (2014) auditory ERP responses to healthy controls, suggesting relatively intact auditory processing of human vocalizations, as opposed to simple tones.
Visual processing
The waveform morphology time-locked to the face presentation in our study appeared similar to the typical waveform elicited by unimodal face presentation, but with specific ERP components appearing at somewhat prolonged latencies. This might be due to the experimental design, in which a blurred face was presented before the target face and the visual stimulus was paired with a concurrent auditory stimulus. In line with this view, Isoglu-Alkac et al. (2007) report longer latencies in response to bimodal compared with unimodal conditions. Deficits in early visual processing of faces in schizophrenia have been reported in a number of studies, with the majority reporting N170 reductions (Herrmann et al., 2004; Johnston et al., 2005; Campanella et al., 2006; Bediou et al., 2007; Caharel et al., 2007; Turetsky et al., 2007; Lynn and Salisbury, 2008) , but some also found decreased P1 (Campanella et al., 2006; Caharel et al., 2007) and increased P2 (Herrmann et al., 2004; Ramos-Loyo et al., 2009) amplitudes. In contrast, other studies did not find any differences in the P1 (Herrmann et al., 2004; Johnston et al., 2005; Bediou et al., 2007; Turetsky et al., 2007; Wynn et al., 2008) or N170 response (Streit et al., 2001; Wynn et al., 2008; Ramos-Loyo et al., 2009 ) between patients and controls.
Our results, demonstrating decreased P1 amplitudes during face processing in bimodal conditions, are in line with Caharel et al. (2007) and Campanella et al. (2006) , but are also consistent with studies using unimodal non-face stimuli (Doniger et al., 2002; Yeap et al., 2008) , which indicate a deficit occurring at early stages of visual processing in patients. The P1 response represents general primary visual processing (Campanella et al., 2006) and Butler et al. (2001) as well as Doniger et al. (2002) suggest that this impairment in schizophrenia reflects deficits in magnocellular pathways. These deficits, in turn, may contribute to higher visual processing deficits, resulting in abnormal facial visual scanning strategies (Schwartz et al., 1999; Loughland et al., 2002) , which then impede facial emotion recognition.
In contrast to reduced P1 amplitude, we did not find any N170 differences between patients and controls. As the majority of previous research supports a N170 decrease (Herrmann et al., 2004; Johnston et al., 2005; Campanella et al., 2006; Bediou et al., 2007; Caharel et al., 2007; Turetsky et al., 2007; Lynn and Salisbury, 2008) in schizophrenia, our finding might indicate that this deficit is more readily apparent when faces are processed without any context, namely when a face alone is processed without any accompanying stimulation from other modalities. Our results therefore indicate that the N170 response following face presentation is preserved in schizophrenia when coupled with auditory information.
In accordance with Herrmann et al. (2004) and Ramos-Loyo et al. (2009), we additionally observed increased P2 amplitudes in the patient group. We suggest that higher P2 activity in schizophrenia may illustrate compensation for early visual deficits, which then leads to intact perception of the emotional expression of faces demonstrated by the lack of behavioral differences between groups. In accordance with this view, Ramos-Loyo et al. (2009) also did not find any behavioral differences between groups. De Gelder et al. (1999) and Pourtois et al. (2000) report that audiovisual integration takes place as early as 110 ms after stimulus presentation and occurs automatically. Therefore, stimuli from one modality may influence processing in another before having been fully structurally encoded. The interaction of audiovisual congruence and group in P1 amplitude in this study supports this view by showing that in patients the earliest positive component in response to faces can be modulated by concurrent presentation of a congruent sound. Importantly, this effect can only be found for (in)congruence of emotion valence and not when pairing neutral faces with emotional or neutral sounds (incongruence of emotion presence).
Incongruence effects
It has to be noted that in both groups we did not find a difference between ERPs to congruent and incongruent conditions. Therefore, our results neither support our primarily hypothesis of reduced nor that of increased audiovisual integration in the patient group. Rather, only a between-group difference in the incongruent condition was found. This result indicates that additional presentation of sounds that convey the same emotional expression as the target face leads to similar P1 responses in patients and controls. Therefore, deficits in early visual processing in schizophrenia seem to be restored by congruent auditory emotional information.
This finding extends previous research investigating exploratory eye movements in schizophrenia when confronted with audiovisual information, demonstrating that patients showed an increase in total number of gaze points when looking at a smiling face of a baby accompanied by laughter compared with processing the face in isolation (Ishii et al., 2010) . Therefore, presenting a congruent sound may increase visual attention and hence cortical processing of visual stimuli in patients. In particular, due to top-down information extracted from the sound, attention may be directed toward specific emotional characteristics of faces, which then leads to more appropriate scanning strategies in congruent audiovisual conditions. In contrast, incongruent sounds misdirect attention so that deficits in visual scanning (Loughland et al., 2002) may persist or even be reinforced.
Furthermore, a negative correlation of P1 amplitudes in response to congruent stimulus pairs with symptomology was found. More precisely, the fewer symptoms patients show, the more similar they are to healthy controls in their P1 response to congruent audiovisual information. This correlation therefore indicates that the beneficial effects of congruent auditory context processing are diminished in patients with more severe symptomatology. Therefore, contextual modulation of P1 deficits might only be possible in patients with relatively mild symptoms, whereas more severely affected patients might not benefit from additional auditory stimulation.
These findings generate a new perspective on views of emotional impairments in schizophrenia, indicating that when confronted with congruent multimodal emotional information, early visual processing as well as subjective perception of emotions seem to be intact. Studies reporting deficits in emotion processing in schizophrenia have mainly used unimodal emotional paradigms, but emotion recognition in daily life is hardly based on processing of a face or a voice alone. Therefore, symptoms such as affect flattening and social impairments might be less associated with deficits found in unimodal face processing than previously thought. In particular, social deficits might not necessarily be the result of impaired sensory processing but rather reflect problems in higher executive functioning. Therefore, based on these results, we suggest that future studies should apply more naturalistic experimental designs to investigate emotional and social deficits in schizophrenia.
It is interesting to consider the possibility that this crossmodal modulation, which had a positive effect on early visual processing in our paradigm, might reflect the same mechanism that underlies hallucinations in schizophrenia. It has been hypothesized that hallucinations may reflect an imbalance between imagery and perception, arising from an over-interpretation of top-down information in patients (Behrendt, 1998; Grossberg, 2000; Aleman et al., 2003) . Increased influence of top-down auditory expectation might therefore have led to modulation of the P1 amplitude in response to congruent audiovisual pairs in our schizophrenia group.
